The aim of this research is to analyse and project the effects of changing climate on Lithuanian river runoff and water temperature. Climate change is expected to affect the extremes of the major river indices that impact fundamental ecological processes in river ecosystems. The available runoff and temperature data of rivers from three different hydrological regions of Lithuania were used. HBV software was applied for modelling of hydrological processes in the selected river catchments. The 
INTRODUCTION
So far, there has been only little research carried out in Lithuania related to runoff projections according to RCP scenarios. The two most diverse RCPs, RCP2.6 and RCP8.5, were analysed in the study by Stonevicǐus et al. () to evaluate the spectrum of probable changes in the hydrology of Nemunas River basin at the end of the 21st century (2081-2100).
Change of river water temperature that directly and strongly depends on projected upward trend of air temperature is the subject of numerous scientific studies (Webb et There is still a lack of scientific studies of climate change impact on the thermal and hydrological regime of Lithuanian rivers. The results of such investigations are of great importance for the mitigation of potential ecological consequences and possible impacts on the national economy.
Therefore, the overall aim of this study is to project the future changes of runoff and water temperature in the 21st century according to four RCPs. The current study, unlike the previous ones in Lithuania and neighbouring countries, uses a different modelling method (HBV) and projects the changes under a new set of RCP scenarios on a daily time step.
STUDY AREA AND DATA
Six river catchments ( Figure 1 ) were selected for this study.
Their main runoff and water temperature characteristics are presented in Table 1 
METHODS
Projections of river runoff were performed according to the sequence presented in Figure 2 . At the first step, a data base was prepared from available geographical and hydrometeorological information about the catchments of the selected rivers. Then, a hydrological model was applied for each river, calibrated and validated using HBV software. The generated hydrological models were used for runoff projections according to climate scenario data -the output data of RCPs (temperature (T) and amount of precipitation (P)). River water temperature projections were made using projected air temperatures: the relations (equations) were created based on the observed average monthly river water and air temperatures.
Global climate model and RCP scenarios
The data outputs of projected precipitation and air tempera- 
HBV model (Swedish Meteorological and Hydrological
Institute)
The HBV model created at SMHI (Swedish Meteorological Hydrological Institute) (Bergstrom ) was used for hydrological modelling of the selected river catchments. This software is based on a rainfall-runoff modelling method, which encompasses conceptual numerical descriptions of hydrological processes at the catchment scale ( Figure 3 ).
The main HBV equation is described as follows (Integrated Hydrological Modelling System ):
where P is precipitation, E is evapotranspiration, Q is runoff, SP is snow pack, SM is soil moisture, UZ is upper The equations were generated for three different time periods considering the seasonal characteristics of water warming up and cooling down. In spring (March-April), when water temperature exceeds the threshold of 0 W C, air temperature starts to grow rapidly, but since water temperature is not as inert, it rises much slower. During the warm period (May-October), the relationship between air and water temperatures stabilises. In November, the processes assume an opposite character compared to the spring period, because due to Lithuanian climatic conditions, air cools down significantly faster than water.
The water temperature data series of each river were coupled with air temperature data series of neighbouring MS. As a result, three linear relations for each distinguished time period were established. Then, the MS with the best corresponding data (i.e., the one with the highest correlation coefficient) was selected for water temperature projections.
The best correlation between both temperatures was estimated for May-October (R ¼ 0.976). It was equal to 0.942 for early spring (March-April) and reached 0.754, on average, for November. Table 3 presents the temperature equations for three rivers, each representing a different hydrological region.
RESULTS

Outputs of climate change scenarios
Air temperature and the amount of precipitation are the indices of climate change, the predicted behaviour of which is crucial for the river indices analysed in this study.
The results based on three GCMs' projections demonstrated sizeable differences of air temperature changes in respect to the RCP scenario and selected future period.
Despite that, in all the cases, air temperature is expected to rise and this rise is going to be highly significant at the end of the century. These projected changes, in turn, will affect major river indices: runoff and temperature.
The projections of air temperature in the Kaunas MS, which is located almost in the middle of the Lithuanian territory, are presented in Figure 5 . In this MS, the changes of average annual air temperature depending on the climate scenarios (i.e., combination of GCM and RCP) are expected to vary from 0.7 to 2. 
Projections of river runoff
The projected data of air temperature and precipitation were used to project runoff of the selected river catchments. Since all selected GCMs produced moderately scattered output results, the mean output value of all three GCMs for each RCP scenario was used and analysed comparing to reproduced observation data (driven by the ensemble of climate models in the reference period).
Changes of future river runoff were estimated according to projections under all four RCP scenarios in two periods (2016-2035 and 2081-2100) . In most cases, mean annual discharge values are expected to decrease in relation to the reference period (Table 4 ). The greatest changes are going to happen at the end of the century in the Neris and Nevė žis (both having the largest catchment areas). The patterns of projected runoff changes were estimated by analysing the monthly discharge values. Since no significant spatial differences of meteorological indices in the studied territory were detected, the runoff projections and their causalities were analysed mainly with respect to hydrological conditions in the river catchment area. Although in the remaining months, the discharges will probably not change a great deal in the near future based on the used RCPs, in some cases discharges of the warm period of a year are even expected to grow because of increased rainfall. At the end of the century, the runoff is projected to decrease in almost all months.
The least evident changes should occur in the river from the western Lithuania hydrological region -the Minija (Figure 10) . Generally, the rivers in this region are characterised as mainly dependent on precipitation that may constitute up to 70% of the total runoff. In these rivers, discharges of rain floods often exceed discharges of spring floods. Projections of the Minija monthly discharges of the first future period showed very similar changes to the rivers of Nevė žis and Šušvė -probably due to smaller dependence on the groundwater feeding. At the end of the century, the Minija discharges are expected to decline more (mostly in spring). Such hydrological behaviour might be caused by projected larger precipitation amounts (during both future periods) and increased air temperatures (especially in 2081-2100, when increased precipitation would not be able to outweigh higher evaporation rates due to significantly higher air temperatures).
The summarised results of performed modelling revealed that the spring flood discharges (maximum spring discharges) are expected to get smaller in both periods of the projections. In some cases, such as in the rivers of Nevė žis and Neris, the expected decrease is quite significant. Figure 11 shows the changes of maximum spring discharges indicated as a percentage of the value of the reference period, which is considered as 100%.
Low flows (minimal 30 days' discharge) (Figure 12 ) are projected to decrease as well; however, the rate of projected negative changes is expected to be greater than for the maximum spring flood discharges. The results in this part indicate that the future river discharges in the period of 2016-2035 will likely decline slightly and this behaviour does not show noticeable variability with the selected RCP scenario. However, at the end of the century, changing climate drivers will lead to substantial decline of this variable and a higher RCP scenario should determine a change of a larger magnitude.
Projections of river temperature
Higher river water temperature is considered to be a direct impact of global air temperature increase. Since the relation between air and water temperature was used and all selected climate models projected a positive air temperature trend, the same tendencies were expected to happen in river Europe (Vautard et al. ) . In Latvia, winter precipitation amount will increase, while in summer precipitation would stay nearly unchanged or even decrease (Ruosteenoja et al.
).
The hydrological response of the studied Lithuanian rivers to generated potential future climate scenarios differed depending on the factors that affect their runoff formation, i.e., whether the projected change is favourable to the river feeding process or not, as well as how significant River water temperature is expected to increase as a consequence of projected higher air temperatures in the entire Lithuanian territory. However, it is important to stress that river water temperature is not influenced exclusively by climate warming. Predicting stream temperature is challenging Recommendations for environmental protection institutions will be created as a measure that should be taken in order to preserve natural resources.
CONCLUSIONS
The current study investigated and projected the effects of 
